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Sir.'Madam: 

Jonathan W. Nyce, Ph. D , hereby declares as followt. 

(1) I am the sole inventor in the shove-identified application. 

(2) I have read tht* above-identified patent application and the Office Action of 
October 1, 1 097, aixl understand its contents. Claim* 1-34 were rejected because, in the 
eAaini tier's view, the specification is not broadly enabling of methods fur reducing or 
treating a respiratory disease or condition. 

<3) OhJwthr 

The present work was conducted :o demonstrate that the present invention ii broadly 
applicable to anti-sense oligonucleotides ("oligos") specific to the adenosine A] receptor 
mRNAs. 

(4) Development 

The following experimental study was conducted hy me, or under my supervision, 
to show that the method of the invention is broadly suitable for we with anti-sense oligos 
designed as taught by this application and targeted to adenosine \ revcpturmRNAj. 
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present work, an additional ami-sense phosphorrrthioate oligo targeted to ilic adenosine A, k 
receptor (OliSO D) was designed »od tested, as described in the above -identified patent 
application. This anti-sense oligo was designed for therapy on a selected species as described 
in trie above patent application and is generally specific for that species, unless the segment 
of the adenosine A, receptor mRN A of another species selected for treatment happens to 
have a similar sequence. The ami sense oligo was prepared as described below, and tested 
in vivo in a rabbit mode! for respiratory diseases, including bronchoconstriction, 
inflammation And allcrgy.This animal model is widely recognized by the scientific 
community as appropriate tor testing therapies which will then be applied to humans who 
have breathing difficulties and impeded lung airways, as is the case in asthma and olher 
conditions, as described in the above-identified application. 

(5) Methods 
<a) Anti-sense USA 

One oligo and its therapeutic effect were studied in a rabbit model and the results of 
these studies are reported and discussed below. This oligo was selected for this study to 
complement the data on SEQ IP NO: 1 (Oligo I], which i) anti-sense to the adenosine A, 
receptor mRNA. provided In the ahove-lderxifjed patent application. The oligw>, wbidi are 
an:i-«cnse to the adenosine A, receptor mRNA sue kJaiiificd as ami -sense OUgo ] (SEQ ID 
NO: 1) and Oligo II (Dew oligo), which It a fragment targeted to a different region of the 
adenosine A, receptor mRNA. The design and synthesis of these anti-sense oligos was 
performed in accordance with the teachings of the above-identified patent application, 
particularly of Example 1. 



(I) Aati-seiise Oligo I The above-identified application 
disclosed anti-sense oligonucleotide I to the batman A, adenosine 
receptor mJUVA (EPI 2010, SEQ. ID NO: I). Anti-sense pligo 1 ii 
21 nucleotide long, overlaps the initiation codon, and has the 
following sequence. 

5'- GAT GGA GGG CGG CAT GGC GGG -3" 

The oligo I was previously shown to abrogate the adenosine-induced 
bronchocon&tricnon in allergic rabbits, and tn reduce allergen- induced 
airway obstruction and bronchial hyperresponsivenesB (BHR). See, 
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Nvcc. J. W. & Metzger, W. J., Nature, 345:721 (1977), a copy of 
which is enclosed. 

- (II) AaU-«u*e Oligo II: A phosphorothioate anti-sense oligo 
(EPI 2014) was designed in accordance with [he invention to target 
the rabbit adenosine A, receptor mRNA region +936 to -+956 
relative to the initiation codoo (start site). The anti-sense oligo II is 
21 nucleotide long, tod has the following sequence. 

5 '-CTC GTC GCC GTC GCC GGC GGG-3 ' 

(OT) A, Mismatch OUgos: Two different mismatched 
oligonucleotides having th< following Kouenccs were used as 
controls for ami-sense oligo I (SEQ. ID NO: I) described in (a) 
above. 

A, MM 5'-GTA GGT OGC GGG CAA OGC GGO-3' 
A, MM2 5' GAT GGA GGC GGG CAT GGC GGG-3* 

Anti-sense oligo I and die two mismatch anti-sense oligos had 
identical base content and general tcquonce structure. Homology 
searches in GENBANK (release 85.0) and EMBL (release 40.0) 
indicated that the anti-sense oligo i was specific, not only for the 
humau, but also for (he rabbit, adenosine A, receptor genes, and that 
the mismatched controls were not candidates for hybridization wi'h 
any known human or animal gene sequence, 

(IV) Controls: Having established that mismatch -treated animals 
were equivalnjt to saline-mated animals, saline was used as the 
control while for Anti-scase Ol:go 11, control rabbit* were 
administered 5.0 ml aerosolized sterile saline following the same 
schedule as for the anti sense oligos in (11), (111), and (TV) above. 



(h) Synthesis of Anti-«ense Oligos 

Phosphnrnrhirwife anti-sense oligos having the sequcutes described in (a) above, were 
synthesized on an Applied Binsystems Model 396 Oligonucleotide Synthesizer, and purified 
using NENSORB chromatography (DuPont, DE) TF.TD (tetrHetrtylihiurwn disulfide) was 
used as the Rulfurizing agent during the synthesis'. Anti-sense oligonucleotide II (EPI 2014) 
was synthesized and purified in this manner. 

(c) Preparation of Allergic Rabbits 

Neonatal New Zealand white Pasrurella-tres rabbits were iuumuiizcd 
intraperitoneaJly within 24 hours of birth with 0.5 ml of 312 antigen units/ml house dust 
mite (D. farinae) extract (Berkalay Blologicals, Berkeley, CA) mixed with 10% kaolin as 
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previously described (Metzger, W, J. Is: Late Diase Allergic Reactions, (Dorsch, W., Ed.),. 

CRC Hindbook. pp 3*7-362. CRC Press. Boci Raton. 1990; AH, S., Metzger, W. J. mid" 
Mustafa, S.1. Am. J. Reap. Crit. Care Med. 149, 908, 1994). Immunisations were 
repeated weekly for the first month and then biweekly until the age of 4 months. These 
rabbits prefereatiilly produce allergen specific lgE antibody, typically respond to 
aeroallergen challenge with both an early nod late -phase asthmatic response, and show 
bronchial hyper responsiveness (BHR). Monthly intraperitoneal administration of allergen 
(312 units dust mite allergen, as above) continues to stimulate and maintain allergen specific 
IgE antibody and BHR. At 4 months of age, sensitized rabbits were prepared for aerosol 
administration as described by Ali et al. (199 J (All, S. , Mctzgcr, W. J. and Mustafa, S. J. , 
Am. J. Resp. Crit. Care Med. 149 (1994)), 

(d) Dose-response Studies 

(1) Experimental Setup 

Aerosols of either adenosine (0-20 mg/ml), or ami sense or one of two mismatch 
oligonucleotides (S mg/ml) were separate!}- prepared with an ultrasonic nebulizer (Model 
646, DeVilbiss, Somerset, PA), which produced aerosol droplets, 80% of which were 
smaller than 5pm in diameter. Equal volumes of toe aerosols were administered directly to 
the lungs via an intratracheal tube. 

The animals were rundomircd, and adraLTlstered aerosolized adenosine. Day 1 pre- 
treatment values for sensitivity to adenosine were calculated as the dose of adenosine causing 
a 50* loss of compliance (PC*, Adenosine). The animals were then administered either the 
nerosolized anti-sense or one of the mismatch anti-sense oligos via an intratracheal tube (5 
mrj/1 .0 ml), Tor 2 minutes, twice daily for 2 days (total dose, 20 rag). Post-treatment PC*, 
va'.ues were recorded <rxKl-ireaunem challenge) on the morning of the third day. The results 
of tliese studies are provided in (6)(aXiii) below. 

(il) Cross-over Experiments 

For sem: experiments uiihiing anti-jenx Oligo I (SEQ ID NO: I) and a 
corresponding mismatch oligonucleotide AjMM (Control), following a 2 week interval, die 
animals were crossed ova, with those previously administered the mismatch control AjMM, 
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now receiving die anti-sense Oligo I, and tlx>$: previously treated with the anti-sense oligo. — 

» 

I, now receiving the mismatch control AjMM oligo. 

The number of animals per group was as follows. For mismatch A,MM (Control f ), 
s-7, since one animal was lost is the second control arm of the experiment due to technical 
difficulties, for mismatch A,MM2 n-4 (Control 2) and for anti-sense Oligo L, n«=8. The 
A,MM2 oligo treated animals were analyzed separately und were not pan of the cross. -yvsr 
experiment. The treatment methods and measurements employed fallowing the cross-over 
were identical to those employed in the first arm of the experiment. 

In 6 or the 8 animals treated with the umi-iense Oligo I (SHQ. ID NO: 1), no PC*, 
value could be obtained for adenosine doses of up to 20 rng/ml. which is the limit of 
solubility of adenosine. Accordingly, the PCs, values for these animals were assumed to be 
20 mg/ml for calculation purposes. The values given, therefore, represent a minimum figure 
for the effectiveness of the anti-sense oligonucleotides of the invention. Other groups of 
allergic rabbits (n-4 for each group) were administered 0.5 or 0.05 mg doses of the anti- 
sense oligo I (SEQ ID NO: 1), or the A, MM Control Oligo in the manner and according 
to the schedule described above (the total doses being 2.0 or 0.2 mg). The results of these 
studies are provided in (6)(a)(iv) below. 

(?) Anti-sense Ottgo Formulation 

Each one of the ami-sense oligos were separately solubilited m an aqueous solution 
ml administered as described for imi-serue olifio I in (e) abave, in four 5 mg aiiquots (20 
mg total dose) by means cf a nebulizer via endotracheal tube, as described above. 

The rcsulis obtained for ami-sense oligo I and its mismatch controls confirmed that 
the jnismatcb controls are equivalent to saline. See. Table 1 of Nyce & Metzger, Nature 
38V 721-725. 1997. Because of thw finding, saline was used as a control for pulmonary 
function studies employing an;i-!wn« oligoi n, Ul and IV. 
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Tissue from airway smooth muscle was dissected to primary, secondary and tertiary,- 
broiwhi from rabbits which had been administered 20 OHgo T (SF.Q ID NO: 1; EPI 
2010) io 4 divided doses over a period of 48 boun as described above. A membrane 
fraction was prepared according to the method of Alici al. See, Ali, S , ei al.. Am. J. R«p. 
Crli. Care Med. 149,: 908 (1994>. 

The protein content was determined by the method of Bradford and plasma 
membranes were incubated with 0.2 U/ml adenosine deaminase for 30 minutes at 37°C to 
remove endogenous adenosine. See. Bradford, M. M. Anal. Biochem. 72. 240-254 (1976) 
The binding of falDPCPX. rHJNPClTOl. or fHJCGS^SO was measured as described 
by Jarvis et al. See, Jarvis, M.F.. et al., Pharmacol. Exptl. Thar. 251, 888-893 <1989). The 
results of this study are shown In Table 1 and discuaacd in (6XaXii) below. 

(g) Pulmonary Function Measurements 
(Compliance Cp W and Resistance) 

At 4 months of age, the immunised animals were anesthetized and relaxed with 1 .5 
ml of a mixture of ketamiae HCI (3* mg/kj) and mprmnaziae maleate (1.3 rag/kg) 
administered intramuscularly. After induction of anejthesia, allergic rabbib. were 
comfortably positioned supine on a soft molded animal hoard. Salve was applied to the eyes 
to prevent drying, and they were closed. The animals were then Intuited with a 4.0 mm 
intermediate high-low cuffed Murphy 1 endotracheal tube (MaMinckrodt. Glen Falls. NY), 
as previously described by Zavala and Rhodes. See. Zavala and Rhodes. Pioc. See. Exp. 
Biol. Med. 144; 509-512 (1973). A polyethylene catheter of OD 2.4 mm (Bccton Dickinson. 
Clay Adams. Parsippany NJ) with an notched thir.-walled latex balloon was passed into the 
esophagus and nuintained at the same distance (approximately 16 cm) from the mouth 
throughout the experiment. The endotracheal tube was attached to a heated FIcjscU 
pneumotach (size 00; DEM Medical Richmond. VA). and the flow (v) mcawred usiog a 
Validyne differential pressure transducer (Model DP-45-1M927. Validyne Engineering. 
Northridse. CA). driven by a Gould carrier amplifier (Model 1 14113. Gould Electronic*. 
Cleveland, OH). 

An esophageal balloon was attached to one side of use Validyne differential prcssvirc 
transducer, and the other sick was attached to the outflow of the endotracheal tube to obtain 
transpulmonaiy pressure (?„). The flow was integrated to yield a continuous tidal volume, 
and the measurement* nf total lung resist*** (RJ aud dynamic compliance (C tJt ) were made 
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at isovoluffietric and zero flow points. The flow, volume and pressure were recoidcd on an^ 

eight channel Gould 2000 W high frequency recorder and C^, was calculated using die tutal' 
volume and the difference in at set o flow, and . I\ was calculated » dx raiio of Pip and 
V at midtklal hing volumes. These calculation weic nude automatically with the Buxco 
automated pulmonary mechanics respiratory analyzer (Model 6, Buxco Electronics, Sharon, 
CT), as previously described by Giles et al. See, Giles cl al., Arch. Int. Pharmacodyn. 
Ther. 194: 213-232 (1971). The results obtained upon administration of oligo U on allergic 
zabbils are shown and discussed in (6Xb} below. 

(h) Measurement of Bronchial Hyperresponsivencss (BUR) 

Each allergic rabbit was administered histamine by aerosol to determine their 
baseline hyperresponsiveaess. Aerosols of either saline or histiunine were generated using 
e DeVUblss nebulizer (DcVilbiss, Somerset, PA) for 30 seconds and then for 2 minutes at 
each dose employed. The ultrasonic nebulizer produced aerosol droplets of which 80% 
were <5 micron in diameter. The lusumine aerosol was administered in increasing 
concentrations (0.156 to 80 mg/ml) and measurements of pulmonary function were made 
after each dose The BHR was then determined by calculating the concentration of histamine 
(mg/ml) required to reduce the C«„ 505e from baseline (PC^ ^^J. 

0) Cardiovascular Effect of Anti-sense Oilgo I 

The measurement of cardiac output and other cardiovascular parameters using 
Cardiomax~ utilizes the principal of thermal dilution in which the change in temperature of 
ihe NirhI exiting the heart after i venous Injection of a known volume of cool saline is 
monitored. A single rapid injection of cool saline was made into the right atrium via 
canaulation of the right jugular vein, and the corresponding changes tn temperature of the 
mixed injecuie and blood in the aortic arch were recorded via cannulation of the carotid 
artery by a temperature-seusing mimprobe. 

Twelve hours after the allergic rabbits had been heated with aeruscW of oligo I (EPI 
2010; SEQ. ID NO: 1) as described in (d) above, the animals were anesdictized with 0.3 
ml/kg of 80% Ketamine and 20% Xylazine. This time point coincides with previous data 
showing efficacy for SEQ. ID NO: 1. See. Nyce & Meager, (1997). A thermocouple was 
then inserted into the left carotid artery of each rabbit, and was then advanced 6.5 cm and 
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secured with a silk ligature. The right jugular vein was then cumulated and a length Of " 
polyethylene tubing was inserted and secured. 

A thermodilution curve was then established on a Caidiomu N ' II (Columbus 
Instruments. Ohio) by injecting sterile saline at 20°C to determine the correcmasi of 
positioning of the thermocouple probe. After establishing the wricctacss of the position of 
the thermocouple, the femoral artery and vein wert isolated. The femoral vein was used as 
a portal for drug injections, and the femoral artery for blood pressure and heart rate 
measurements. Once constant baseline cardiovascular parameters were cjublbhed, 
Cardiotnax™ measurements of blood pressure, heart rate, cardiac output, total peripheral 
resistance, and cardiac contractility were made. 

fj) Duration of Action of Oligo I 
(SEQ. ID NO: 1; EPI2010) 

Eight allergic rabbits received initially increasing log doses of adenosine by means 
of a nebulizer via an intra-tracheal tube as described in (0 above, beginning with 0.156 
rag/ml until compliance was reduced by 50% (PC X ^ ,n establish a baseline. Six of the 
rabbits then received four 5 mg aerosolized doses of (SEQ. ID NO: 1; EPI 2010) as 
described above. Two rabbi* received equivalent amounts of saline vehicle as controls. 
Beginning 18 hours after the last treatment, the PC*, AltoBirt values were tested again. Afte; 
this point, the measurements were continued for all animals each day, for up m 1 ft days. The 
results of this study ere showc in Figures 5 and 6 and discussed in (6)(a)(vii) hclow. 

(6) Results 

(a) Anti-sense Oligo I 
(i) Prior W ork 

The nucleotide sequence and other data for anti-sense Oligo I (SEQ. ID NO: 1). 
which is specific for the adenosine A, receptor, was provided in the original application 
In addition, the application also contained experimental data showing the effectiveness- of 
oligo I In down regulating the receptor number and activity. 

Further information on anil-sense Oligo I was provided in a publication, by my 
group. See, Nyce, I. W., and Mcuger, W. J . Nature 385:721 (1997) (copy enclosed). The 
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Nyce & Meaner (1997) publication provided data showing that the anti-sense Oligo I (SEQ. * 
ID NO: 1): 

(1) Reduces the number of adenosine Aj receptors in the bronchial 
smooth muscle of allergic rabbits in a dose -dependent manner. See. 
Table 1 of Nyce & Mct/ger (1 997). 

(2) Attenuates adenosine-;. Tduccd branchoconsrriction and allergen- 
induced bronchoccnArrictiOn. Sec, Figure 4 of Nyce & Meager 
(1997). 

(3) Attenuates bronchial hyperresponslveness as measured by PC™ 
histamine, a standard measurement to assess bronchial 
hypenesponsiveneas. This result clearly demonstrates anti- 
inflammatory activity of the anti-sense oligo I. See. Figure 4 of Nyce 
& Metzger (1997). 

(4) As expected, because it was designed to target it, is totally specific 
for the adenosine A receptor, ana has no effect at all at any dose on 
either the very dotely related adenosine A, receptor or the related 
bradykinm Bj receptor. See, Table 1 of Nyce & Mcizgcr (1997), snd 
Figure 2 accompanying this Declaration. 

(.5) Mismatch control molecules (MM1 and MM2; See, Figure 1 of Nyce 
& Meager) had identical base composition and molecular weight but 
differed from the anti seme oligo I (SEQ ID NO: 1) by 6 and 2 
mismatches, respectively. These mismatches, which are the 
minimum possible while still retaining identical base composition, 
produced absolutely no effect upon any of the targeted receptors (A,, 
A, or Bj). See, Figure 1 of Nyce & Meager (1997). 

These results, along with a complete lack nf prior art on the use of anti-sense 

oligonucleotides, such as oligo I, targeted to the adenosis A, receptor, show the unexpected 

results obtain by mc. More generally, the anti-sense oligonucleotides of the invention which 

are directed to adenosine receptor hicg targets, particularly targets associated with SS taau , 

are not only unobvious over the art at large, but have been broadly enabled by the prior 

work reported in the above-identified application, the work reported in Nyce & Metzger 

(IV97). and the further work reported here. These collective showings clearly enable and 

show the effectiveness, for their intended use, cf the claimed agent and method for reducing 

oi ticatiugbiunchoconsuictioo ml luug uiUuuuiatiuu. 

(ii) Oligo I Significantly Rodum 

Response to Adenosine Challenge 

The receptor binding experiment is described in (5)(f) , and ii* results shown in 
Figures I and 2 accompanying this Declaration, and in Table 1 below which shows the 

v 
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binding Characteristics of the adenosine A, -selective liyand l,H]DPCPX and the bradykmirv 
B/-aelective li#md j'HJNPC 17731 in membranes isolated ftcm airway smooth muscle of A, 
adenosine receptor and B, brudykinin receptor anti-sense- and mismatch-Ucaurd allergic 
rabbits. 

Table I t Binding Characteristics of Three AnU-Scme Oligos 



Treatment' 



Aj receptor" 
5Z- 



TEj receptor 
"" Bmax 



TJS 

20 m« 
2mg 
0.2 mg 

A,MM (Control) 
20 mg 
2 me 



0.36*0.029 nM IfeM'JJhwlu* 0.39*0.031 nM HA&grfinoles 

0.38*0.030 nM 32*2.56 fmoles' 0.4H 0.028 nM 15.5*1.08 (moles 
0.37t0.030nM 49±3.43 fmolcs 0.34*0.024 nM 15.0*1.06 finolts 



0.34*0.027 nM 52.0*3.64 
0.37*0.033 nM 518=3.88 



0.35+O.024 aM 14.0*1.0 fmoles 
0.3&0.028 nM 14.6*1 .02 fmoles 



Refer* m nut filigo admlnlnered li\ low- ♦quivtltnt.'y divided doacs over s 48 hour period. Treaiuicnu and 
aoaJyut wer« performed «s dticribcAl in methods SgTuficiosewis dewrrnmedby ropcsted-meaiures snalysis 
of vuiance (AKUVA), ind Tukey'i prut»;l«d t t«l n - 4-6 for dl groups. 

4 SignificsniJy different rrom mismatch control- scj jaJirc-tru'xd groups. pO.OO 1, 

•'Sij^iificanily different from mismitch control- md uY\r* fretted croups. p<0.05. 



OH) Dose-response Effect of Ollgo I 

Ami-sense Ollgo I (SEQ ID NO: 1) was found to reduce the effect of adenosine 
administration to the animal in a dese-dependerrt manner over the dose range tested as shown 
in Table 2 below and in Figure 2. 
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Table 2 : Dose-Respoose Effect to Anti-sense Oligo I 



Total Dose 

(mg) 



(nig Adenosine) 



Anti-xm Oligo I 



0.2 

2.0 
20 



S.32±7.2 
14.0±7.2 
19.5±0.34 



AjMM oligo (control) 



0.2 
2.0 



20 



2.51 ±C46 
3.13± 0.71 
3.25a: 0.34 



The ft&ve rciulto weft found to t* wafiwirilly different under Uk Studcul'i paired 1 rest. p-O.QJ 



Figure 2 bhows that Oligo I, an ami*adcu>xirc A receptor oligo, acts specifically on 
the adenosine A, receptor, but noi on ilur adenosine A 2 receptor. These results Btcni from 
the treatment of rabbits with anti-sense oligo I or mismatch control oligo as described ir. (5) 
(d)(i) above and In Nycc & MeUger (1997) (four dnscs of 5 mg spaced 8 to 12 hours apart 
via nehuli7er via endotracheal cube), bronchial smooth muscle tissue excised and the number 
of adenosine A, and adenosine A ; receptors determined as reported in Nyce & Metzger 



Oligo 1 Is specific fox Ibe adenosine A, receptor whereas its mismatch controls had 
no activity. Figure 1 depicts the rendu oblnined from the cross-over experiment described 
in <5)(dXu) above and in Njce & Meager (1997). As may be seen from the top and lower 
panels of Figure 1, the two mismatch controls evidence no effect on the PC^ Agtr *,i«- vahie. 
On the contrary, the admlniftration of anti sense Oligo 1 (SEQ. ID NO: 1 ; EF1 2040) shows 
4 seven-fold increase in the pcwa^-im value. The results shown In Figure 1 above clearly 



<1997). 



(Iv) 
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indicate that inli Gense Oilgo I (SEQ. ID NO: 1; EPI 2010) reduces the response (attenuates , 
the sensitivity) to exogcnously administered adenosine when compared with h saline control. 
The results provided in Table 2 above clearly establish ihat the effect of the anti-vmsc \\\\%r 
I is dose dependent (see, column 3 of Table 1). 

Qligol was also shown to he totally specific for the adenosine A, receptor, (see, top 
3 rows), inducing so activity « either the closely related adenosine \ receptor (see, Fig; arc 
2, right hand panel), or at the bradyidnin B, receptor (data not skjwu). 

In addition, the results shown In Tahle 2 and Figure 2 establish thai ami sense oligo 
1 decreases sensitivity to adenosine in a dose dependent manner, and tliat it does this in an 
anti sense-dependent manner since neither of two mismatch control oligonucleotides show 
any effect on VC^^.^ values or on the number of adenosine A, receptors. 



(v) Effect on AeroaDergen-lnductd 

Bronchoconstrlctkn & Inflammation 

OUgo 1 was shown to significantly reduce the histamine-indueed effect in the rabbit 

model when compared to the mismatch ol^rw. Figure 3 shows the effect of anti-sense OUgo 

I and the mismatch oligos on allergen-induced airway obstruction and bronchial 

hypcrrcsponsivciJCM in allergic rabbits. Pauelb (a), (b), (c) and (d) represent the following 

Panel (a) shows the efTect of aiil;-»eii« OUgo I (A,AS. SEQ. ID NO:l) on 
allergen-induced airway obstruction. As calculated from the area under tbt» 
curve, the anti-sense ollgol significantly inhibited allergen-induced airwBy 
obstruction (55%, p<0.05; repeated measures ANOVA, and Tukcy's t test). 
Compare with panel (b) for mismatch A, MM OilgO (control). 

Panel fh) shows the lack of effect of the mismatch OUgo A.MM (Control) nn 
allergen induced airway obstruction. 

Panel (c) shows the effect of the anti-sense OUgo I (A, AS; SEQ. ID NO:l) 
on allergen-induced BHR. As calculated from the PC* H , K1Bftf vatue,(A,AS), 
the anti-sense ollgo I significwidy inhibited allergen-induccdOHR in allcrpc 
rabbits (6156, p<0.05; repeated measures ANOVA, Tukey's t test). 
Compare with Panel (d) for mismatch A,MM oiigo (Control) 

Panel (d) shows a laci of etlect of the A,MM Mismatch Control on 
allergen-induced BHR. 
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The results shown in Figure 3, panel (a), indicate that ami-sense Ollgn l (SEQ. ID * 
NO: 1; BPI 2010) is effective to protect igRinst afroallergen-rnduced broncboconstriction 
(house duct mile). In addition, anti-sense align I was also found to be a potent inhibitor of 
dust mite-induced bronchial hyper responsiveness, as showu by iu effects upon histamine 
sensitivity (panel(c)), indicating inti inflammatory activity for anti-sense Oligo I. 

(vD Anti-sense Olifo I is Free of Deleterious Side Effect* 
Oliso I was shown to be free of tide effects that might be toxic to the recipient. No 
changes in arterial blood pressure, cardiac output, stroke volume, heart rate, total peripheral 
resistance or heart contractility (dPdT) were observed following administration of 2.0 or 20 
mg oligo I. Figure 4 shows the results of the rncasurcmcrd of cardiac output <CO), stroke 
volume (SV), mean arterial pressure (MAP), heart rate (UK), total peripheral resistance 
(TPR). and contractility (dHdT) with a Cardioraax" apparatus (Columbus Instruments, 
Ohio). 

These results evidence that Oligo I his no detrimental effect upon critical 
cardiovascular parameters More particularly, this oligo does not cause hypotension. This 
finding is of particular importance because other phosphorothioale anti-sense 
oligonucleotides have been shown in the past tn induce hypotension in some model sysierru , 
Furthermore, the adenosine A, receptor plays an important role in sinoatrial conduction 
within Che heart. Attenuation of the adeuoeine Aj receptor by anti-sense oligo I rnlgh: be 
expected to rejult, therefore, in deleterious extrapulmonary activity in response to the 
downrcgulation of the receptor. This is not the case. The anti-sense oligo I does not produce 
any deleterious extrapulmonary effects and renders the administration of the low doses of 
the present ami-sense oligo free of unexpected, undesirable side effects. 

This demonstrates that when oligo I is administered directly to the lung, it does not 
reach the bean In significant quantities to cause deleterious effects. This is in contrast to 
traditional adenosine receptor antagonist like theophylline which do escape the lung and can 
cause deleterious, even life-threatening effects outsida the lung. 

(vli) Long Lasting Effect of OUgo I 

Oligo I evidenced a long lasting effect as evidenced by the PQp adenosine and 
Resistance values obtained upon its administration prior to adenosine challenge. Figures 5 
and 6 show the values obtained. 
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Figure 5 shows the duration of the effect, with respect to the PC^ adenosine of and- f 

sense Oligo I when administered in four equal doses of 5 mg each hy means of a nebulizer ' 
via an endotracheal tube, ts described above. The effect of the agent is significant over days 
1 to 8 after administration. When (be effect uf the anti-sense oligo I had disappeared, the 
animals were administered wlinf aerosols (controls), and the PQo a*»>» values for all 
animals were measured again. Saline-treated animals showed base line PC^ adenosine values 
fa-6). 

Figure 6" shows the duration of the effcvt (with respect to Resistance) for six allergic 
rabbits which were administered 20 mg of anti-sense Oligo I (SEQ. ID NO: 1) as described 
above, upon airway resistance measured as also described above. The mean calculated 
duration of effect was jp^ays for both PC^ adenosine (p<0.05) and resistance (p < 0.05). 
JthejrTesults show that ami seme oligo 1 has an extremely long duration of action (6.8 
^ days), which is completely unexpected when compared to literature results of anti-sense 
oligonucleotides targeting other mRNAi. 

j 

<b) Anti-sense Oligo H 

Ami sense Oligo II, targeted to i different region of the adenosine \ receptor 
mRNA. was found to be highly auyc against the adenosine A,-mcdlated effects. The results 
of the experirnent are shown in Figure 7, which evidences the effect of anti-sense Oligo IT 
(F.PI 2014) upon compliance (top figure) and resistance (lower figure) values when 20 ng 
anti-Mnse oligo II were administered to allergic rabbits as described above, and compliance 
and resistance values measured following an administration of adenosine as described above 
in (5Xg). Significant at p < 0.05 using paired t tett, compliance, p<0.01 for resistance, 

The results of Figure 7 show that anti-sense Oligo II, which targets the adenosine 
A, receptor, effectively maintabs compliance and reduces resistance upon adenosine 
challenge. 

(c) Conclusions 

The work described sjvi results discussed above indicate that dK two oligonucleotides 
which are aiui-sense to the adenosine A, receptor mRNA, designed in accordance with the 
teacbiafs of the above- Identified application, were found to be highly effective at countering 
or reducing effects mediated lr/ die receptors (be/ arc targeted to. That b, die two anti-sense 
. oligos targeting an adenosine A, receptor mJLNA were shown capable of countering the 
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effect of exogenous!? administered adenosine which is mediated by the specific receptor they 
are targeted to. 

In addition, the remits presented also show that the administration of the present 
agents result* in extremely low or non-cxistcnt deleterious side effect* or toxicity. 

This represents 100% success In providing agents that are highly effective and 
specific in the treatment of bronchoconstrictlon and/or taflaramatlon. This Invention Is 
applicable in the same manner to aD fragments which are anti-sense to adenosine A, 
receptor mRNAs. 

Thcae are clearly superior results which could not have been expected based on the 
knowledge of the art at the tun* of this invention. The experimental data and results 
provided are clearly enabling of the fragment oligonucleotides targeted to lung adenosine A, 
receptors described and claimed in the above-identified application. 



(g) T hereby declare that all statements made herein of my own knowledge are 
true, and thai all statements made on Information and belief are believed to be true; and that 
thene statements are made with fee knowledge that willful false statements and the like arc 
punishable by fine or imprisonment, or both, under § iflfil of Title 18 of d* United State* 
Code and that such willful false stitemenb may jeopardize the validity of the application of 
any patent issuing thereon. 

(9) Declarant further sjyth not 



Date fV/onathan W. Nycc. Pb. D. 




13 



SENT BY:P,S. & P ANT) LAKYttS : 3-25-88 ;1Q:S2A.V ; LOS ANGELES. CA- 



3198I62282;?!7;21 



20 
16 

10 -w 

I 

8 8- 



WsmatchoontJOiMMI 



— 20 
16 
10 



: AntMrwe 



20 



Ctetangi 



I 15 

I 

10 J 



Mismatch control MV1 



if 



5 
0 



Chalang* 



9 



20 r- 



PntrMtmant PMltMtmeM 




P/fticiniMn! Potltiitmtnt 
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Figure 2. 
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EpiGen sis Duration Study Resistance Changes 
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